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(57) Abstract 

PROBLEM TO BE SOLVED: To surely manufacture a 
semiconductor element and uniformly manufacture 
a quantum structure with high reproducibility by 
forming a protrusion on the side of a semiconductor 
island in a semiconductor part and by constituting 
the side of the protrusion of a face, whose 
oxidation speed is faster than that of the side of a 
semiconductor island. 

SOLUTION: A semiconductor layer 12 is etched to 
oxidize a periphery of a pillar-like semiconductor 
at the center, and a protrusion 4 of the pillar-like 
semiconductor is isolated by an oxide film insulator 
15, to form a semiconductor island 16 isolated from 
a semiconductor part of the protrusion 4 at a part 
of the center of the pillar-like semiconductor. At 
this time, due to the oxidation rate from the side 
of the protrusion 4 being fast, the oxidation on a 
small diameter part on the upper part of the 
protrusion 4 is caused to advance so as to go 
across the pillar-like semiconductor. The upper end 



of the protrusion 4 of the pillar-like semiconductor 
is pinched off by the oxide film insulator 15 to 
form a pinched-off part 15p. Thus a quantum 
structure can be manufactured with high 
reproducibly and uniformity. 
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MM&mtoMt s nr «iMi3WWB« $ ft* c * * 

ttT*±ISB«f*«:h>^*6»B<!;l/, 1BE&WB 
£^«lt»WC . < <!: i±eSWI*4/r i,X ^- h 

<t. 

i*r*Bfto&BXB±**u 

1/ 'J 3 > i ±*e£ff K J: * Siid&tt 2 «flW * UKdc 
±i2tt«»*«<*«€:*«S-ti*XSiK: 



2 

ran 0 »j 7 h *7ffl*a ^ttoxKws^a^ftfc 

'J 7 h*7B-?* 

£^6«»K±K»J7 h^7ffl-7^^M03(M«tsEd^ 
20 .«3h&»2©ir7h*7ffl^Ai?!Bt^fl3«'*XS 

t. 

S*'J7 h^7^-?^^la(5r.:i' > v< *iJ*a$ClMB«*H 

*-^y<o*A?tttzm2<oxy *i>w*!?mziiw 

^TXt9£> 

±!a^t ! fc J:tf*2G>* ^> ^JS^r^^ ^ £ 0 

30 riia^ftis^x? *>^^xs£, 

J: ->*cat>ftfc. ta*^«f*0-^6^^^f*SSB 
«B««ttr«XS£. 

S*«««ra-j'C±B«UlJfij|ja«:^s»T*xa£. 
f^XS£*Wr*C£«:«llk£r-Si**W4^ISttO 

50 [ 0 0 0 1 ] 
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(3) 

vs*J>*$ ictoli * J: 5 * £ Wf 

[ 0 0 0 2 ] 

*tfGuo et al K J: & Applied Riysics Letters 70-7), 
850(1997) «?.HB. ) 0 

[0003] a^wft©Mfi*ftibt:i*, «*«s i 

[ 0 0 0 4 ] *fc, ft<DB^MIfl>Watfft£ t,XM\ 20 
tfUtfVLS (vapor Liquid Solid) ft? I * 

i> ( E,I,Gi varqi zov f J .vac .Techno. Bll (2) .p . 449£ 

my • cm*, s i < a u > «g«i/c s * g 

*Z>.«fflKS i £A u t©SIteft««:^.«L/^ca, s 

[0 00 5] COO-VLSs^fcl^rmc^niS iMft 

& (Waqier et al Applied Physics Letters 4. no. 5. 3 
9(1954) ,Ci varqi zov. J. Crystal Grown, 31 ,20(1975) <?■ 30 
IK. ) o 
[ 0 0 0 6 ] 

h ^ > i> a * > * u S-rKfcttSBMItc J: 
Bgtc , iwtefc < fcj-tf star z>ct&xzzxi>ic 

[0 00 7] Tttfrfc, *5WiCtot»'Ctt, ±i*OfcV 40 

lss*h*g>xbk»i§u «jfcac«a*wr*, s 

[ 0 0 0 8 ] 

WM^fr&S-fttaO^sr*. 



4MI2000-6S493 

4 

[ 0 0 0 9 ] *»»KJ: *s-r«a#«:?5T** 

BhW «BHblMXf! 4 * * . 
flttBK: J: -?t:B«sn*tttt*«H»«, c 

*#a^B43&Bic J: r>«.«3h)fc«Wi 5 
[0 0 i 0 ] ±£L,fcJ:5(c\ *#»rctt, ¥$f*±K 

r > Wr*S-f*ai*:€:?ir 
£mfi£f * C £ #TT' * * <fc 5 tCT * t ©r * 
[ 0 0 11] 

tt*B*»ai*«:WOra*<>«!>'C*9, 

[ 0 0 12] *^iSa*SK:fet^Ci*, V L sa^a 

JftttWK. «HT«-3 2 55 5 5^IUB, ilAWW 
¥9-256 0 4 5 ^aw*t?«*l/fc*ftcc <fc ->r^ 

[ 0 0 13] Bffl«r«.JifiU'C*»H^ cfcift-Miait* 

wt^^wwr^ow*. *«nc<fc*«a*4©«4 
[ o 014] *r, a i «ROT. eg i ±«:att^ 

C©S«RlO-iBl a JiWEf^n, B(CWiL» 
r-fe h >tc J: o'C^Sh. MB^aBfiOBdtfK: J: ^ 
ti-;*>^n, *BKIIflMHR£dn« 9 CCC-J:^ 

[0 0 1 51 ©1 AKtM^CC, coc*fil©^Bl 
ate. BiM* i £&lfcd£a*Vau tttt*i»(* 

0. SnmB(kCDMB&«tt«fM-r«. 

3 0 0 7 0 0 *CO0Utf 5 2 0 'C^JB^T 
■C. S %OWM#A % Wtt>?> (S i. H ljt . a )<D, 
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5 

I/. SiCOMfW 
«0&E*&. 0. 5mTop*LbOW*li:i 
OmroTorriT*, C<W:5CC?££. @ 1 BK*f J: 

im&&»3 M« l^Jcc, fl»4# 

tt. trtttiddi, < i i i >*flfc»nsn*. *u 

X. *<0*IUltcm!&$MaM*tii. XfiliKCA^ 
-?-C*B£<WBK(C*«Sh. <-G>BHCM(JH4 s£, 
(in) ticSfici^tt^fllliWIB^ KIHU io 
<&j*<r»tt»fflffl*W: (110), (1 0 0 > 4St?B«: 

[ 0 0 1 6 ] B2 ti. «fc}K l/cffrEOfcStf^ 
#2 CDS EM <Scanninq ElectrorWicroscope : **52 
■?mUK) MWBT. cnccj:DC<&t^¥«#2 

1 1 1 >£iftcc«jS3ft&ct#BB3nfc. * 
fc. B3l£> TEM (Trairwnssicn Electron Kficrosco 

titf*£#2 a. *<^sa^£^fttett«2 c i -e 

[ 0 0 17] fttt*«*2fc*, <-<Dfi£»MB«r 1 S*H£ 
T£<L*. £3 1 umt? hCtWC 

1 0 n 1 0 0 n Qj^T^Ci^ 

[ o o 1 8 ] n. *ft«*srffli**>n^*iR i a. s 
Wir*a^ma»^wr^^(»-f it ivr 

i:«fiU/fc^fc*£S i MOX (svarm by toplam 
«J OKv-qen) K«fc*SO I g&CCj: vCS.^^C k&V 

[0 0 19] B4-B9*#JRl/r. 

-B9«cfei*'c. §a, uxda> «*n-en*x!nc 

fetfMM0RI8¥a[B£*U SB» *J:t>'B* l«- 40 
[0 02 0] CCOMfiC^^XU, ISlAi. iJatoS j 

MOXte&ccc*:*. ?ftfc*>tt&ttKi* 4 s ■ gfti o 
±ks i o, *fifc/3 i i eacrs i ¥£#JS 1 2 saw 

4 a, fcJ:tfBx cc^tv:5cc 4 Hrc»*i*fc*ftK: 



tfH2 0 0 0-6 849 3 

5 

[0 02 I] XK, E4A* fc^O'B, (C^f^tC, 

c©ta**«f»2oa«>±^fe-*rt {^4 b, 

A 1 0M.M3R*l<T »J7 r*7«-?**JS 

i3£^ja?*, coj: r^snfc»j 7 h*7 
^^ii Sicii, tt«*»#2«cj:-?r-»MI6 

41*:. ?ft*>*>. ±j*©M^»tC4d^6ta**»tt:2 
0» t ft *titf¥*# 2 ©MBO-WC , tt#*«<* 2 
0>N*Asc&<,>. a^ch*^ **ftBl2±K, - 

-mtc^^xmif^ u v r t7 7x^ttou*^tiftC' 

[0022] B5A, fc«*:tfB, K^TJ^ic. : j>ft< 
3 **f«l 2tc*«"*x 

4. W^li:Au!l«:^ffl«gCCJ:-?-CK.«r^ 
[0 02 31 05 A, fcAtfBj K^TJ^K. J:&l, 
fcfflHttA lKcfc*'j7r*7jgv**jgi 3*. <-<d 

x^^vyjfttcfc-j-cjBBT^ct^jr-jry? h*7 

! 3 ±(C«.«« *VCl*fcx ^ * > y-?^ ^® 1 4#Ri 

i/-c i 2 Kfc«ftri*di 

[0024] USA, fei:^B, ICmmtC. H4 A 
^^(Sj^^r, BiiOfcA 1 ^CDl5lt|^l»7 h 

*ym**9tt*w#m. Mum*?*, com 
4 $ n^ciu t \wimw>-m\m> zrnio- 

*rtK»-jrtt«**#2CE»4ft*(J»CC, ij7r* 
7ffl?A ^W©X»«*2 3W^fi£SnfcB2©«J7 
h^7«^X^S2 3^i5£f &o 
[0 02 5] 06 A, fccfctfB, tC^TJ:^tc. COW 
2 <0 » 7 r A 2 3 Q4>£t < <t t>XT^»«2 

3w^f2-r. miic««itBi 2«r«r&xy^>y 

t? t ft * JP20X > 2 4 ^mii 

[0026] *«Dft % feJ:^B, CCST^:^ 

tC. W20U7 h*7S-?^^S234, 

M«2 3V«BbriLli^«l»fMI 1 2±cctft«W 
d<va'&*24>x 9 ^H2 4 a>»^Md 

n. ft0^2^x^*>^T^i?S2 4ti, 02OU7 
h^7m^^^S2 3iftm*$fi^ 
[0027] C<C>*5t£bX. B7 At cc^$n^i^ 
tc. ^*«f*2©S«C«ltr^iva4««:Wl>. 
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7 

-itSLbicStf *» 1 ft* «fctf»20A *jg 
I 4 4* J: V 2 4 «: J: h J- * ? > S^?* tih 0 
[0 02 8] ©7 A, fci:a'B 2 tc^tV: 5tC, 

• lWt)12<S)x»f>m* 1 4fcJ:£>'2 4£-7 

**£oir, ***)Bi2«:»r*A9?->y«f-> , c 

* t: BflUcBBtfttcxtatt' < * - > £ w* 
i 2 hm?*. 

[0029] B8A, fccfctXB, tC^TJ^K. JMfc 
J:tfB20X?*>^*M4fc«fctf2 4«r. flAtt 
3E*K J: -7 "CA ? * > 

[0 03 0] ©8 A, ftiJtfB, fC*MM:* 

K. «AI*HCl±HNOi #3: l€a?*>«tc 
JVC, £H&&a3*F££? 6, 

[0 03 1] KH9 At fcJ:t>'B x fcTnTJSK, 
Kf tftiS&R -> -CtH***l* 2 (DBHfcHf t# * 
cc. ro4^f*2<MB4£BfUMBfM5££<>r 

e *ta*3Wi»2©*iCi*iwDHi(K»«t9'*. c<om\t 

it. -eoflAtfS 0 OTorr^'Oa #B^T7 0 0'C, 1 

^Dftwrcj^rfrS. co*S£. o«4«:*ffl4 

o 6G» f WS&Wto a £ £tcj: vC. C £>fiS|J4 0>± 
BCD/] <SttfCft» >T *©BlbWtK*»* 2 J 
^KiWtU c«4fl**«(*2fl>fi»40-UW*^ B 

*2®ttttMK4il-t:<>. ^OSfflKKftifiSH* 1 5# 

«***i&e&a*6, tttt^«*2(c45tt»ccKib»i» 

[0032101 0 tt, CflDB(t«fifW>, ttK**<* 
2«.TEMW£S^r«c>fcHt?. CtUOW^jMr 
J:*(C, tttt4 £ «#2<0fflB«iffl^X»fbl«W* 1 5# 
BfiK^ti^. aB40±ttB(C*fr>'C. Bftittittl 
5 # 2 * $ to -c BA $ tifc f > * * y & l 

5 p COf >?*?&l &p4>B3dt* t 7 
3nmBlkK:ft<'r*C&*''Cft&C£4>b, 

(kffiB^i 5<Lf>**75Ui 5 pK«fc-jriifcftfc» 

»^*«*feSPl 6«S£3n^, CCM£«(»»!6 
CE»SU t 5nm99- 1 2 nmit cn 
cc <fc -> tTKfli&ftftlM'r* C ±3*CS *o 
[00331 C©tf>^*P»l 5 pOBSd 

4U$tt£tfl 60XtSi*, tti**«tt 2 

BibBM]0>»E«: J: o ris^T* c 
[003 4] 09 A, teJrtfB, cc*TJ:^<i. 
Attl 6*^*nfcttK4W#2«:B^t:«*.tfS t 

A« <* r A n B4> y - a fc J: CX K W > 



(S) ISB2 0 0 0-6849 3 

tJM€BJ!W*. 3 6K£ffl«filMro»*. V-A • 

PW>Mtt#Bfl!?*J:9fC7* h 

K r tttt***»*S $ J: 5 ic< * - > *T *. 

t^v-A^Kiv^^Wl 8 s ft) J: CXI 8di'/ 
-h«Bl 8g^«BJttT& C©J:^l/t:, 

Bi &tW!&*titiLnrfmtt*irr&Btttt&m- 

io [ 0 0 3 5 ] ID. B4 HBQtcftH'-Ctt, 1 

^ft^^fc, tift®B?#£it£irr****x 

[ 0 0 3 6 ] $ fc, H 4 'CBffl Ufcfl-Ctt, 1 tc^ 
SfiK, BllftMi3«reti»'&ftBB5«rKBl/fcil 
&CihZ>l>\ CCC'il^, ^4f^gB^:jS3. t/fctf 
-?'C. tltt^f*2^, gWif &ttB«C^rL4>B.tt 
Stittl*. C0C^:^vT8^H3!T^tclt, 6BB5 

ii^^»#2 3 £^'r^^s^6ci^ 

[ 0 0 3 7] C©B*, B 1 1 ACC^TJ: ^CC. sfi 1 
±K. tiSAHM3 l^fi£f 6c CC0ttS«MB3 1 
tt. WAttS i O a B«] OOnmBMOB^XMt 

^^tf^r, «»«tctttt*«(*2*».*K'&»»tca 

?L3 1a*tt3tU cn6iS7L3 1 aMOt. Sfil 

30 tt. miMSliim^i). 8iJmif*, 

[ 0 0 3 8] f5g*l#J&3 1 tc^T^>iSTL3 1 a MA 
(Wft. Bfil«:il»i'. HMU* B*«7 0 0 •C^lHrtS 

ttRBSftBAT^ COC-ia, Au£BB5». Si 
0, K:j:«fiBimM3 1 ±tcii^fi£?nr, isE3 1 
a fcBU'CitS 1 0*B. rtrt>^^*(t^XBOA:B 

[ o 039] ixtc, Mtti/fcs I oiiewx, PH^ttS 
40 i h. zmtsb. m i vmwL'tctmmmuzzft 

MB 3 !OiatL3 1 af*1i<:. S i tAuO®I4^SS3 
W«£$n&. c^^^ur, mdftB34>X$Att 
B«:«*r*C«S;^1?**. OWoX, *OB. Wife 
O/ctttt^f* 20J«t*«:tT C ©tt«*Wf* 2 O 

3 it*, bb^xst, x»^>y(c<fc-»rBiftr*c: 

[ 0 0 4 0 ] SK> @ 1 2ftJj:CXB 1 3&*-JRt/C, * 
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9 

1 gfc 1 1*, *<DZM la^ t {111} (CS£*n, 

[004 i ] *fc, c©««:*i*rtt. @i rcBfflb 
fc#£tcj:<?'C. 8ttl±4>> HA*?****'.;*?* 
«ar*ttfi«:. i£7L3 1 a^Baau/c<UBtUHK3 1 

M*tfAu(c£«ftM5€:ft*0. Site io 
&Si 3 *«Al/fc. C®8M6ftft3®ej!SI?? * tt, 
N*.tfl. OfimccBtt/fK. *l/C, Wc. Si(0 

BM*x«:*iaT4c @i2ak*tj:^ 

&&£ft&, 

[ o 042] c 2 tt, -ecpwsnw. < i 

ft*G^4li. *4>MB4 si*, {11!} ifcjW* 

[ 0 0 4 3] &K#mtt2<BBgtMk. B 1 2 

&&mm3 1?:. x?*>?l&£-t*, 
[ 0 0 4 4] Wk«iSI*ff ^. C<DJ: 

t. B12C(C9TJ:^. ta***(*2©BH*«ffc 

COBfb*. •C-0>m^5 0 0TorrOOi *B»r- 
&4 ®MB4 s K*tt*KfHUfc*iAr>c i tccfc ->tr, 

mm2o>amo>±mm^, wnttmtti sic* 

W^K(U&»f» 1 5 K J: oXH*>ftfc4«ltA» 1 6 ffi 

2 eta. wbftaftfl^atKij: *>-c, ¥«f*sau 

T. . *A:^?*7»150g$t. F>^-«iO 
[ 0 0 4 5 ] We, H 1 2 PtcS? «*: $cc, *Epa fcJ: 

&tfMBKJ:*mmB3 2*tt8 < r6. CC'J:^ 



fiM2 0 0 0-68493 
10 

3 2d%»c#fi£<*ft, l 6*W 

[0 04 6] l/to^-sT. Hl3AtC^TJ:^ 

cc . ^'^/s 3 2 o -c^asAtc 

mc RMt $ nfciw»!>*B«e 3 2 ^tit a £ , tt 

WMM)±it«i J:CWBiK>«U 3 2 MM* 3 ft. Q 1 
4«:*WBBH«:5WJ:5tt:, ttim*t^t?*©B«4 
«C. «WS 3 2 *i£JRftKMQ t ftttg&iC J: 
ftfc«<&V-*fcJ:cn~l^>«Bl 8$fcJ:tM 8 d 

[0047] SWC, @ 1 3 Btcft?,*: 9tc v £Sfttctt 
*tfS ! O, K<££&.&E3 3&CVD(Chsancal Vapo 
reposition) ttKJ^-ClfcttU -eoc-ffe, Hi 3CK 
^T^:^cc, ^cr:«B^ffl^t^(k»9ff^9F£ (CM 
P) 2^KJ:vCMIM3 3*¥flftr«. 

[ 0 0 4 8] C«-¥*fk3ftfcffl±«:. H 1 3 D^^f 
J: b §¥^f*S^ l 6 ±k h «g 1 8 g ««« 

flcSSpl 6?>W$ft, 0»4Omtt*«3ftfcKft 

ct a tfftO-rf * IJ ft 

[004 9] C©tl!««C4*i»r€, 

[ 0 0 5 0 ] ±tfl,fcJ: *«|HK J:ft«. »|gtc 
^a^cjrftk^ VLS*i, BfbiOIS^a*^ 
[0 0 5 1 ] *#Wl86*t6ecto' , C, 

[ 0 0 5 2 ] f«. ±ifcl^cWt:i*. SR$&«3C^.<t 

iJR»^©«ift©T«:ff-?/c»&r***E. c<d 

[ 0 0 5 3 ] *JMt*. ±j*bfe»ciB6ft&<> 
[ 0 0 5 4 ] 

[ftnottsi laufej:*^ *»w«:j:ft«. wis 
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11 

h 7 > i> a ^; > * »J i^t:\ *fc*ft 

whs****™*, vLss<t> Rfb±s>ie*:ffl* 

[0 05 5] *fc, *ftw»!a*^«:4d^r 1 UK** 
£Ktko, ^BiUEftiBti>6c&*s a cft. *fc. *a 

[Bfi0B«ftI)M!] 

[B2 ] t^4£**0^«TOm5*fcSl>rlGl' 
fcB'C*>& 0 

[03] tfl**«#<W»ia5««WI8t¥.SK:5tr»t:lfi 
C'fcBTab*. 20 
[134] A, **£&A* fig. *ftfl* : FO-«©-lljS 

it. a, fect^A, omuKsta-ch*. 

[05] A, fc-^tfA, i*. *»H3R^O-«C— 
*S^Ii©BHiB»4. B, fcJtfB, 
tt. A, feJr^Ai <DaS«Slfc®t2]r'*>*o 

[06] A, 4<S A a tit. *JMJR-?4>— M0HHS 
^©^leoBWfflBt 1 **. B, fcJtfB* 
It. A, fcJtfA, (DWMfBHrfc*. 

[07] A, fc<fctfA, «. *»fl3R^^>-f»C— «5S 30 

isrscc^iacErtwiwBBr**. b, fcjtfB, * 



£032 0 0 0-68493 
12 

<l£. A, feJCFA* 4>KKlKSS?**o 

[08] A, fcJ:t>*A a tit. *#ffl£^<^«cr>HK£ 
iSW-IKDaWBat 1 **, B, fcJitfB, 
it. A, fcJtfA, <^KKl&r®Er'*>*o 

[09] A, U£UA> it. *»HjR-f<D— MaS 
*SW-Il©»WfiHtife&, B, fcJtfB, 
i*. A, fcJ:tJ<A a <D&«8fflEir**>*o 

[Bio] tt«^*oBrfb%a»©sia3at*^si«at 
[0m] At**VB\t. zneti*^omiic»? 

&B0r*>*. 

[012] A-Dii, *8WW-|*Hlfi*») 
[013] A-Dt*. ^W6«>-W!>-ttS*ft© 

[0i4] *%miW>-no-n£jjm>-x®<»& 

1 • • • Sfi. 1 a - • • m 2 • • - tt«**k 
3 • • • 4 • • - MB. 5 ■ • ■ £BiJ8> 

i o • • - ant. ii- mm. 1 2 • • • 

9. 13 ■ • • 3d I <D 'J 7 h3f"7»-?**J5, 1 3W - 

■ -xmm. 1 4 • *ig>***>*-***s, 

15—- 1 5 P ■ • • t*>**7&5, 

1 6 • - ■ 1 ? - • • te«J3. 18s - • 

• v-aSI. l 8d ■ • • KlWIxSft, 1 8g - * 

• y-h^s. 23 - - •m20y? 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



